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(54) H0e: REMOTELY DEPLOYABLE PRESSURE SENSOR 



(37) Abstract 

Apparatus for measuring pressure, which ap- 
paratus comprises a pressure valve (3) lor location 
at a point at which pressure la to be measured, a 
primary tube (1) containing a fluid for linkky the 
pressure valve (3) to a control point where th& pres- 
sure information is required, pressure control 
means (6) for changing the pressure of the fluid 
within the primary tube (IX volume measuring 
means for measuring changes in volume of the 
fluid within the primary tube (1) as the pressure is 
varied, and pressure ring means (7) for mea- 
suring the pressure at some point Within the fluid. 




PAGE 5/28 1 RCVD AT 3/28/2005 12:32:00 PM [Eastern Standard The] 1 SVR:USPT(«FXRF-1/6 1 DM29305 1 CSID:713266851 0 1 DURATION (mnw$):0M0 



MflDflNMOSSMfiNSRIRflM Fax:?132668510 



Mar 28 '05 11=34 



P. 06 



FOR TBS PURPOSES OF INFORMATION ONLY ■ 



Codes used to identify States party to the PCT on the front pagpy of pamphlets publishing International 
applications un der the PCT. 



AT 


Aialxii 


FR 




MR 


MSttflbQEl 




Aasuaib- 


CA 


Gabon 


MW 


Malawi 


m 


Bsffnulov 


GB 


United Klnpfam 


Nfc 


Kcihcrlnnrit 


EE 




GN 


Guinea 


NO 


Norway 


SF 






Greece 


NZ 


HewZcatuuf 


EC 




W 


Ht»a£EjQr 


PL 


Poland 


w 




IE 


irctsnd 


PT 




aft 


firiTfr 


IT 


luff 


BO 




CA 




J* 




RU 


Ru£on tSulmtiorr 


cr 


Central Africa Republic 


KP 


Democratic People V R«p*feU« 


£D 


Sudan 


CO 


CotgP 




of Korea 


SE 




CH 


5aato^rland - 


Kft 


Bcpubfic of Kom 


SK 


Slovak ftepubRc 


a 




KZ 


CcFt&khstnn 


S» 




CM 




U 


UccbtcnsteTTt 


s> 


Soviet Union 


<S 




UC 


* Sri 1 acta 


TD 


CfaaJ " 


c* 




LU 




7C 


Tofp 


DS 




MC 




UA 


Ufciahxc 


Dtt 


PlLLllllt 


MC 




us. 


UaJtcO fitate^rf Owf^fi, 1 


BS 




ML 


Mafi 


YN 


Ytct K2Q 


Ft 


Kntccd 




Moogpffij 







PAGE 6C8 * RCVD AT 3f28^005 12:32:00 PM (Eastern StantJard Time] * SVfcUS»T0€FXRF.1/6 1 DrflS:8729306 * CSID:7t32668510 * DURATION (mn«s):0Wfl 



MflDflNMOSSMflNSRIRflM Fax:?132668510 



Mar 28 '05 11=34 



P. 07 



WO 93/22645 

PCT/GB93/00907 



REMOTELY DEPLOYABLE PRESSURE SENSOR 
FIELD OF TOE INVENTION 

5 In many instances, it is necessary to measure a physical 

parameter at some point in a harsh environment, often a considerable 
distance from where the information is needed. Such an example is 
the measurement of pressure at the bottom of an oil well which 
presents significant problems for the deployment of pressure 
10 sensors. 

BACKGROUND OF THE INVENTION 

There are three main problems associated with the deployment 

15 of sensors in harsh environments. Firstly, there are the practical 
difficulties in getting the sensor to the correct position in the first 
instance and men, possibly, retrieving it later. Secondly, either the 
sensor must have a means of storing information, or it must have a 
means of communicating between the sensor itself and the 

20 information processing system. Thirdly, the sensor must be robust 
enough, not only to take the rigours of deployment, but also be able to 
function successfully for significant periods of time under harsh 
conditions. These three aspects are of particular importance in the 
oil extraction industry. The measurement of pressure at the bottom 

25 of an oil well is important for the efficient extraction of the oil 
reserves.. The industry takes two different approaches. In the one 
case, a me asu r ement system is lowered down the production tube of 
the well to take and record measurements for a short period before 
being returned to the surface. Although convenient for use with 

30 existing wells and only requiring short term stability of calibration, 
this approach gives limited information and interferes with the 
production . of oil. In the other case, a ■ measurement system is 
permanently installed during die construction of the oil well. This 
has the advantage of giving continuous measurements without 

35 interfering with oil production but places very severe requirements 
on the measurement stability of the sensor and its ability to 



SUBSTITUTE SHEET 

PAGE 7/28 * RCVD AT 3C8«D05 12:32:00 PM (Eastern Standard Time] * SVTtUSPTO-EFXRF-1/6 * DNIS:8729306 * CSID:713266851 0 * DURAHOH (mn«s):0W0 



MflDfiNMOSSMflNSRIRfiM Fax:?132668510 



Mar 28 '05 11:34 



P. 08 



" 2 *" 

withstand the high pressures and temperatures in the well for many 
years. Should such a sensor fail, or doubts be cast upon its accuracy, 
thai the current practice would be to abandon it since it would be too 
expensive to replace. The permanent installation of a measurement 
5. system at the bottom of the oil well also requires significant 
technical problems to be solved in transferring information via metal 
or optical fibre cables, or radio links, up to the surface. 

The present invention describes a pressure sensor which may be 
either temporarily or permanently deployed in a convenient fashion, 
10 using existing technology familiar to industries such as the oil 
industry. 



SUMMARY OF THE INVENTION 

IS ■ 

An aim of the present invention is to provide apparatus for the 
measurement in a hostile environment preferably at a remote 
location. 

2 0 BRIEF DESCRIPTION OP THE INVENTION 

According to the present invention, there is provided apparatus 
for measuring pressure, which apparatus comprises a pressure valve 
for location at a point at which pressure is to be measured, a primar y 

25 tube containing a fluid for linking the pressure valve to a control 
point where the pressure information is required, sealing means for 
sealing the primary tuba so as to fiwm a closed system, pressure 
control means for changing the pressure of the fluid within the 
primary tube, volume measuring means for measuring changes in 

30 volume of the fluid within the primary tube as the pressure is varied, 
and pressure measuring means for measuring the pressure at some 
point within the fluid. 

The pressure valve may be a device which may exist in a number 

3 5. of states according to the. relative pressure difference between an 

external and an internal pressure, and whose volume depends upon 
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this pressure difference. The external pressure is that which 
gurrounds the pressure valve and is usually the pressure to be 
measured. The internal pressure is that of the fluid contained in the 
primary tube at the point of connection between the pressure valve 
5 and the primary tube. When the external pressure is higher than the 
internal pressure by more than a fixed limit, the pressure valve 
contains a fixed volume of the primary tube fluid which constitutes 
one state, the OFF state. Similarly, when the external pressure is 
lower than die internal pressure by more than a different fixed limit, 

10 the pressure valve contains a different fixed volume of the primary 
tube fluid, which constitutes a second state, the ON state. A third 
state, the ACTIVE state, occurs when the external pressure lies 
between these fixed pressure limits relative to the internal pressure. 
In which case, the volume of primary tube liquid contained by the 

15 valve depends upon the pressure difference in some consistent 
fashion: and lies between the two volume limits. When the pressure 
valve takes this form, the whole apparatus is a sealed system with 
no direct contact between the fluid in the primary tube and the 
external environment. 

20 

Alternatively, the pressure valve may be a device which may 
exist in a number of states according to a control signal provided 
separately. In addition, the pressure valve may not contain a 
mechanical interface between the pressure in the primary tube and 
25 that in the region to be measured, and so there will be direct contact 
between the fluid in the primary tube and the external environment 
when the pressure valve is in the ACTIVE state. . 

The primary tube, may be preferably narrow bore hydraulic 
30 tubing whose change in dimension with pressure is either small or 
well-known. The fluid contained by the primary tube may be a 

hydraulic oil, or any other fluid that is virtually incompressible or 
whose compressibility is well-known. 

35 The sealing means may take any form that ensures that all 

times the pressure within the primary tube may be adequately 
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controlled both in accuracy and range. En particular, the pressure in 
the primary tube must be able to match the pressure to be found in 
the external environment to be measured, so that the pressure valve 
may operate as intended and the pressure be measurable. 

5 

The pressure control means may be any apparatus which 
permits the pressure to be changed from one value to another under 
some external control. Such apparatus could be a force acting on a 
piston inside a cylinder containing the primary tube fluid* 

10 

The pressure measuring means may be any convenient apparatus 
which converts pressure into an indication such as a pressure dial 
gauge or a pressure transducer. 

15 The volume measuring means may be any apparatus suitable for 

measuring the change in volume of the fluid within the primary tube 
and which has, the sensitivity to detect the change in volume of the 
pressure valve as it changes state* An example of such apparatus 
would be the measurement of the position of a piston in a cylinder 

10 where the piston is used to determine the pressure in Ihe primary 
tube fluid. 

In one embodiment of the present invention, the means of 
chan g in g the pressure, the volume measuring means, and the pressure 
25 measuring means, are an located together at the control point 

In a preferred embodiment of the apparatus, there is also 
provided means of measuring the temperature along the length of the 
primary tube. The temperature measuring means may be preferably 
JO an optical fibre distributed temperature sensor, either outside or 
inside the primary tube. An example of such a sensor is the York 
Sensors Limited DTS8tt which is commercially available. 

tn another preferred embodiment of the apparatus, there is also 
35 provided pressure sensing means of such a dimension and structure 
that it it is placeable inside tile primary tube, locating means for 
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locating the pressure sensing means at any desired point within the 
primary tube, and transmitter means for transmitting the pressure 
information from the pressure sensing means to the control point. 
More preferably there is also provided means for removing the 
5. pressure sensing means. The pressure sensing means may be a 
passive optical fibre sensor and the transmitter means may .be 
optical fibre cables. More preferably , the pressure sensing means 
may be a passive optical fibre sensor such as the polarimetric 
interferometer optical fibre pressure and temperature sensor 
10 disclosed in UK patent application No.9203471.9. 

. A former embodiment includes a secondary tube which connects 
the furthest point at which a pressure sensor may be located in the 
primary tube to the control point so that a return path for the fluid in 
15 the primary tube is provided. It is then possible to locate the 
pressure sensor by means of controlling the flow of fluid through the 
primary and secondary tubes, by, for example, a pump with the 
capability of reversible flow. 

20 During operation, the pressure of the fluid in the primary tube 

is increased, and the volume monitored, until there is a change in 
volume equivalent to the change of a pressure valve from the OFF 
state to the ON state. The pressure is then held constant in the 
ACTIVE state between the two volume limits by the pressure control 

25 means at some defined point, preferably the mid-point The pressure 
at the pressure valve may then be computed from (a) the measured 
preS8ur© Obtained from the pressure sensing means, (b) the physical 
separation of the location of the pressure valve and the point at 
which the pressure is measured using the effect of gravity on 

30 hydrostatic pressure and the effect of temperature upon density of 
the fluid, and (c) any residual correction needed to compensate for 
any pressure loss caused by : activation of the pressure valve. In 
general, it is desirable to locate the pressure sensing means close to 
the pressure valve in order to minimise the required correction to the 

35 measured pressure. In order for the volume change arising from the 
change in states of the pressure valve to be detected, it is necessary 
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for the cc*nwessibility of the fluid in the primary tube to be low or 
well-known, and for the change m volume of the primary tube and the 
connected volumes with pressure to be small or well-known. 

r 

5 If p(b.) and p(h,T) are the pressure and density respectively, at 

height h and temperature T, then the pressures at two different 
heights a and b are related by well-known theory as follows: 

F(a) =P(b) + g [ b p(h,T)dh where g is the gravitational 
to constant. 

Thus, in older to be able to compute the pressure at one height 
from measurements made at. another, it is necessary to know the 
height difference as well as the density of the fluid as a function of 

IS height. Where the temperature of the fluid is approximately 
constant, sufficient accuracy may be achieved simply by assuming a 
uniform density of the liquid. However, where large changes in 
temperature occur, and where maximum accuracy is required, it will 
be necessary to measure the temperature of the fluid as a function of 

20 height and ox minimise the height difference between the height at 
which the pressure is required and the height at which it is measured. 

If the pressure difference between mat pressure needed to put 
the pressure valve info the OFF state and that pressure needed to put 
25 it into the ON state is known, then it will be possible to cal i br ate the 
pressure sensitivity system by varying the pressure from the one 
state to the other and noting the volume change. This calibration may 
be then used to convert a measured volume change into a calculated 
pressure change when the pressure valve is held in the active region 

30 

In another preferred embodiment, there are provided additional 
pressure valves connected at different points along the primary tube, 
and distinguishing means for distinguishing the state of a particular 
pressure valve as the pressure is changed. Such distinguishing means 
35 may be implicit, such as, for example, when the pressure valves are 
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used to measure the pressure at a variety of different height* and 
where the pressure is known to be strongly correlated with height, 
then identical pressure valves may be used and the point at which the 
pressure is being measured 'deduced from the sequence of volume 
5 changes with pressure change. Another example where the 
distinguishing means are implicit is when pressure valves of 
different volumes are used so that the valve is uniquely identifled by 
its volume change as the pressure is varied. For example, each 
pressure valve having twice the volume of its predecessor along the 
10 primary tube would be suitable. 

In one preferred embodiment, there is provided one or more 
pressure sensing means located at each pressure valve so that it is 
not necessary to take into account the position of the pressure valve 
15 by computing a correction. 

In another embodiment, there are provided more than one 
pressure sensing means positioned at different locations as 
convenient, but not necessarily adjacent to a pressure valve. For 

20 example, the temperature at a pressure valve may be too high to 
permit the location of the pressure sensing means at that point. 
However, a pressure sensing means at the control point may not be 
able to provide suitable response to rate of change in pressure at the 
pressure valve because the primary tube is of such a bore and such a 

25 length that its impedance restricts the rate of change in pressure. In 
which case, it would be advantageous to position a pressure sensing 
means at some intermediate point in the primary tube between the 
pressure valve and the control 1 point 

30 In another embodiment the pressure valve is operated by 

separate means, either hydraulic or electric, so that the state of the 
valve may be controlled at wilL This may be advantageous for both 
safety and operational purposes, but does require additional 
equipment. In addition, there may be no mechanical interface 

35 between the fluid in the primary tube and that in the external region 
to be measured when the pressure valve is in the ACTIVE state. This 
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has the advantage that the properties of such an interface do not 
affect the pressure measurement, but has the disadvantage that there 
may be loss of fluid ftom the primary tube. If this were to occur then 
there would seed to be provided means of ensuring that there was 
5 sufficient fluid available in the apparatus at all tunes for 
satisfactory performance* 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Embodiments of the invention will now be described solely by 

way of example and with reference to the accompanying drawings in 
which: 

Figure 1 is a diagram of a pressure sensor according to the 
15 present invention; 

Figure 2 is a diagram of a suitable pressure valve; 
Figure a is a diagram of part of a preferred embodiment of the 
present invention, in which an optical fibre distributed temperature 
sensor is included; 
20 Figure 4 is a diagram of part of a preferred embodiment of the 

present invention, in which an optical fibre pressure sensor is 
' included; 

Figure 5 is a diagram of a preferred embodiment of the present 
invention, in which a secondary tube is included; 
25 Figure 6 is a diagram of part of a p r efer red embodiment of the 

present invention in which more than one pressure valves and more 
than one pressure sensors ate included; and 

Figure 7 is a diagram of a preferred embodiment of the present 
invention in which the pressure valve is switched by switch means. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to Hgure 1* a primary tube 1 is connected at one 
35 end to a chamber 2 and at the other end to a pressure valve 3 which is 
situated in region 4 whose pressure is to be measured* The primary 
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tube 1, chamber 2, and valve 3, constitute a single connected volume 
» and is filled with hydraulic oil 5, or some other virtually 

incompressible fluid, or one whose compressibility is well-known. 
, The pressure in the chamber 2 is controlled by pressure control 

5 means 6, and is measured by pressure measuring means 7. The 
volume of the hydraulic oil 5 is measured by volume measuring means 
8. Computing and controlling means 9 is used to change the pressure 
in the chamber 2 with the pressure control means 6 until a change in 
volume, caused by the pressure valve 3 changing state, is detected by 
10 the volume measuring means 8. Computing and controlling means 9 is 
then used to compute the pressure in region 4 from the pressure in 
chamber 2 obtained from the pressure measuring means 7, and the 
known height difference between the pressure valve 3 and chamber 2, 
and the known density of the hydraulic oil 5. 

15 

Figure 2 illustrates an example of a suitable pressure valve 3 
connected to primary tube 1. A membrane 10 is clamped between two 
blocks 11 so as to form two isolated volumes 12, on either side of 
the membrane, where one volume is exposed to the pressure in the 

20 region to be measured 4, and the other volume is exposed to the 
pressure in the primary tube I. The inner surfaces 13 of the blocks 
11 are such that, once the pressure on one side of the membrane 10 
exceeds that on the other side by some threshold value, the membrane 
10 will be constrained by the surface 13 so that there is little 

25 further change in volume as the pressure difference increases. The 
. change in volume as the membrane 10 moves from one surface 13 to 
the Other is Sufficient to be detected by the volume measuring meow 
8 shown in Figure 1. > 

30 Figure 3 shows a preferred embodiment of the apparatus in 

which the temperature of the hydraulic oil 5 is measured along the 
length of the primary tube 1 between the pressure valve 3 and the 
, chamber 2 (not shown in this figure) using the sensing optical fibre 

14 of a distributed temperature sensing measurement system. 

35 Computing and controlling .means 9 (not shown in this figure) is 
further used to derive the pressure difference between the pressure 
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valve 3 and chamber 2 (not shown in this figure) from the known 
density of the hydraulic ofl 5 as a function of temperature. 

Figure 4 show* a preferred embodiment in which pressure 
5 sensing means 15 is placed inside the primary tube 1 close to the 
pressure valve 3. The pressure sensing means 15 may be additional 
to, or replace, the pressure measuring means 7 shown in Figure l m 
The measured pressure information is transmitted from the pressure 
sensing means 15 to the computing and controlling means 9 (not 
10 shown in this figure) by a metal or optical fibre cable 16/ 

The pressure sensing means 15 may be operated in two 
different modes. In the first mode, when the pressure valve 3 is in 
the ACTIVE state, pressure sensing means 15 is measuring the 

1 5 pressure of an external region 4, and* in the second mode, when die 
pressure valve 3 is in the ON or OFF state, pressure sensing means 15 
is measuring the pressure determined by the pressure at the control 
point plus the hydrostatic pressure of the column of fluid 5 in the 
primary tube 1 independently of the pressure in region 4, This 

20 permits die checking, conditioning and determination of a variety of 
performance parameters of the pressure sensing means 15, such as 
sensitivity and repeatability, without the need to remove the 
pressure sensing means 15 from primary tube 1, which is particularly 
advantageous. 

25 

In many uses of the present invention, it will be desirable .to^ 
provide additional means of inserting end retrieving the pressure 
sensing means 15 shown in Figure 4. Such means are provided in a 
preferred embodiment as shown in Figure 5. The pressure, sensing 

30 means 15 is attached to a piston 17 which is of a size and shape to 
create a significant obstruction to flow of the hydraulic oil 5 past 
the piston 17 so that piston 17 moves with die flow. A secondary 
tube Iff is provided which connects the end of the primary tube 1 to 
die chamber 2. A reversible pump 19 is used to cause a flow in either 

35 direction around the circuit made up of chamber 2, die primary tube 
1* and secondary tube 18. The piston 17 will be carried by the flow 
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and hence will insert or retrieve the pressure sensing means 15 
according to the direction of the flow as determined by the pump 19. 

Figure 6 illustrates part of another preferred embodiment of 
5 the present invention, in which more than one pressure valve 3 is 
provided so that the pressure at several different regions 4 may.be 
measured according to the present invention. The volume changes 
within the different pressure valves 3, as they change from their OFF 
states to their ON states, may be the same as, or different, from each 
10 other. In addition, a single pressure sensing means 15, or one 
adjacent to each pressure valve, may be provided. 

In another embodiment, several pressure valves 3, each with 
different characteristics, are provided adjacent to each other such 
is that they all measure the same region 4. 

Figure 7 illustrates another preferred embodiment of the 
present invention in which the pressure valve 3 is switched between 
the ACTIVE state and the ON/OFF state by a slide or rotary valve 20, a 

3 0 separate hydraulic or electric line 21 and hydraulic or electric 
control means 22. In this embodiment, there is no mechanical 
interface, such as the membrane 10 shown in Figure 2, between the 
fluid 5 in the primary tube 1 and the fluid in the region 4 to be 
measured, when pressure valve 3 is in the ACTIVE state. Thus it 

25 would not be necessary to take into account the properties of the 
mechanical interface, such as the membrane 10 shown in Figure 2. 

m the embodiment shown in Figure 7, it is desirable to prevent 
fluid from region 4 entering primary tube 1, and it may also be 
30 desirable to flow fluid 5 through pressure valve 3 into region 4, 
Accordingly, reservoir means 23 may be provided in order to supply 
the volume of fluid 5 needed to compensate for the flow through 
pressure valve 3. 
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CLAIMS 

1. Apparatus for measuring pressure, which apparatus comprises a 
pressure valve for location at a point at which pressure is to be 

5 measured, a primary tube containing a fluid for linking the pressure 
valve to a control point where the pressure information is required, 
sealing means for sealing the primary tube so as to form a closed 
system, pressure control means for changing the pressure of die fluid 
within the primary tube, volume measuring means for measuring 
10 changes in the volume of the fluid within the primary tube as the 
pressure is varied, and pressure measuring means for measuring the 
pressure at some point within the fluid. 

2. Apparatus according to claim 1 in which the primary tube is 
IS narrow bore hydraulic tubing whose change in dimension with 

pressure is either small or well-known. 



20 



3. Apparatus according to claim 1 or claim 2 in which the fluid in 
the primary tube is a hydraulic oil. 

4. Apparatus according to any one of the preceding claims in which 
-the pressure control means is such as to permit the pressure to be 
changed from one value to. another under an external control. 

25 5. Apparatus according to claim 4 in which the pressure control 
means is an arrangement in which a force acts on a piston Inside a 
cylinder containing ' the primary tube fluid. 
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6. Apparatus according to any one of the preceding claims in which 
the pressure means is a pressure dial gauge or a pressure transducer. 



7. Apparatus according to any one of the preceding claims in which 
the volume measuring means is an . arrangement in which 
measurement is effected of the position of a piston in a cylinder 
35 where the piston is used to determine the pressure in the primary 
tube fluid, 
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8. Apparatus according to any one of the preceding claims in which 
the pressure control means, the volume measuring means and the 
pressure measuring means are all located together at the control 
point. 

9. Apparatus according to any one of the preceding claims and 
including temperature measuring means for measuring the 
temperature along the length of the primary tube. 

10. Apparatus according to claim 9 in which the temperature 
measuring means is an optical fibre distributed temperature sensor, 
either outside or inside the primary tube. 

15 11. Apparatus according to any one of the preceding claims and 
including pressure sensing means of such a dimension and structure 
that it is placeable inside the primary tube, locating means for 
locating the pressure sensing means at a desired point within the 
primary tube, and transmitter means for transmitting the pressure 

20 information from the pressure sensing means to the control point. 

12. Apparatus according to claim 11 and including means for 
removing the pressure sensing means. 

25 13. Apparatus according to claim 12 in which the transmitter 
means are optical fibres. 

14. Apparatus according to any one of claims 11 to 13 in which the 
pressure sensing means is a passive optical fibre sensor. 
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15. Apparatus , according to claim 14 in which the pressure sensing 
means is a polarimetric interferometer optical fibre pressure and 
temperature sensor. 

35 16. Apparatus according to any one of the preceding claims and 
including a secondary tube which connects the furthest point at 
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which a pressure sensor may be located in the primary tube to the 
control point, so that a return path for the fluid in the primary tube 
is provided. 

5 17. Apparatus according to claim 16. in which the. pressure sensor 
is located by means of controlling the flow of fluid through the 
primary and secondary tubes.. 

18. Apparatus according to claim 17 in which the means of 
10 controlling the flow of fluid through the primary and secondary tubes 

is a pump with the capability of reversible flow. 

19. Apparatus according to any one of the preceding claims and 
including additional pressure valves connected at different points 

15 along the primary tube* and means of distinguishing which valve is in 
which state when the pressure is changed. 

20. Apparatus according to claim 19 in which one or more pressure 
sensors is located at each pressure valve so that it is not necessary 

10 to take into account the position of the pressure valve by computing a 
correction. 

21. Apparatus according to any one of claims 1 to 19 and including 
additional pressure valves connected at the same point along the 

25 primary tube. 

Apparatus according to any one of dip preceding claims in Which 
the pressure valve is switched between the ACTIVE state and the 
OK/OFF state by separate means than the pressure in the primary 
30 tube 

23. Apparatus according to claim 22 in which the pressure valve is 
switched between the ACTIVE state and the ON/OFF state using a 
slide or rotary valve, a separate hydraulic or electric line, and 
35 hydraulic or electric control means. 
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24. Apparatus according to claim 22 and 23 in which there is no 
mechanical interface when the pressure valve is in the ACTIVE state. 

25. Apparatus according to claim 24 and including reservoir means 
5 for supplying fluid that may be lost through the pressure valve. 

26. Apparatus for measuring pressure substantially as herein 
described with reference to the accompanying drawings. 
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